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PRINTER DEVICES WORKING WITH AT LEAST THREE BRIGHTNESS 
LEVELS AS WELL AS METHODS FOR THE DETERMINATION OF 
PRINTING PARAMETERS TO BE IMPLEMENTED THEREWITH 

The invention is directed to a method for the operation of an 
5 electrophotographic printer or copier device as well as to printer devices for the 
implementation of the methods [sic]. 

US Letters Patent 5,767,888 discloses a method wherein an optical 
character generator generates a charge image composed of a plurality of charge 
regions on a photoconductor with at least one light source. The size and shape of the 
1 0 charge regions is influenced by the illumination energy emitted by the light source. 
Light encoding data are generated trom the print data of a print image, said light 
encoding data respectively containing one of at least three different light encoding 
values and then being employed for the drive of the light source. 

In contrast to traditional bi-level character generators, character generators 
1 5 driven with more than two light encoding values are referred to as multi-level 

character generators and contain, for example, an LED line or a multi-plane laser. 
Although there are more than two light encoding values given multi-level character 
generators, there are ultimately only printed or non-printed surfaces. Compared to bi- 
level character generators, however, multi-level character generators offer the 
2 0 possibility of designationally defining the size and shape of the charge regions in 

order to produce the impression of different gray scale values for someone who views 
the developed charge image. Such a multi-level character generator is disclosed by 
US Letters Patent 5,767,888, which is part of the disclosure of this apphcation. 

What is disadvantageous about the known printing with multi-level 

2 5 character generators is that the print quality sinks given changing printing conditions. 

For example, these printing conditions include the age of the photoconductor and the 
quality of the toner or, respectively, developer. Methods with which print images 
having good quality can be printed even given modified printing conditions are 
employed for printers with bi-level character generators, see, for example, the 

3 0 methods set forth in WO 97/37285. However, the quality that is still adequate for 



printer devices with bi-level character generator does not always meet the 
significantly higher demands and possibilities that derive given employment of a 
multi-level character generator. 

Further methods for the operation of an electrographic printer or copier 
device are known from US 5,694,223, WO 97/37285, DE 43 43 274 Al, US 
5,734,948 and US 5,241,347. 

An object of the invention is to specify a method for the operation of an 
electrophotographic printer or, respectively, copier device with multi-level character 
generator with which print images having high print quality can also be printed given 
changing printing conditions. Further, printer devices with which such methods can 
be implemented are to be specified. 

This object is achieved by a method having the method steps indicated in 
patent claim 1 . Developments are indicated in the subclaims. 

The invention proceeds fi-om the consideration that a multi-level character 
generator enables a high printing quality due to the plurality of different illumination 
energy values. However, the different illumination energy values can also be utilized 
for influencing the printing event in a way different from previously. In the inventive 
method, illumination energy values that are corrected in a balancing procedure and 
that respectively belong to a light encoding value are therefore used in the inventive 
method. By employing the corrected illumination energy values, new degrees of 
freedom for influencing the printing event derive given the inventive method. 

The inventive method also proceeds firom the perception that a print 
characteristic for the overall print event indicating the relationship of light encoding 
values and toner deposit is essentially defined by a photoconductor discharge 
characteristic of the photoconductor discharge process and by a development 
characteristic for the electrophotographic development process. The discharge 
characteristic indicates the relationship of potential on the photoconductor and toner 
deposit. Examples of these characteristics are explained in the aforementioned US 
Letters Patent 5,767,888. In addition to the current discharge characteristic, the 
current development characteristic for a predetermined printing characteristic should 
be taken into consideration by selecting suitable, corrected illumination energy values. 



The corrected illumination energy values are defined such in the inventive 
method that the printing characteristic has a predetermined curve even given 
deviations of the current photoconductor discharge characteristic and a reference 
photocondtictor discharge characteristic. For example, the reference characteristics 
5 are estabhshed shortly after manufacture of the printed. The printing characteristic is 
prescribed such that a high-quality print image derives. 

In one development, the discharge characteristic and/or the developing 
characteristic are influenced by the variation of printing parameters that the 
predetermined curve of the printing characteristic is also achieved when additional 
1 0 conditions limit the free selection of the corrected illumination energy values. 

When it is essentially only the discharge characteristic of the 
photoconductor that changes during the service life of the printer or, respectively, 
copier, then it suffices to give priority consideration to the influence thereof on the 
printing event. In the inventive method, the discharge characteristic present at the 
1 5 point in time of printing is taken into consideration in order to determine the corrected 
illumination energies for the light encoding values such that the influence of changes 
of the discharge characteristic on the printing event are compensated. 

In developments of the inventive methods, correction parameters are 
determined that have values deviating from one another due to the non-linear 
2 0 discharge characteristic and that are a criterion for the deviation of the current 

discharge characteristic from a rated discharge characteristic of the photoconductor at 
a potential that belongs to the reference illumination energy value allocated to the 
respective light encoding value according to the rate discharge characteristic. The 
corrected illumination energies are then calculated, for example by multiplication of 

2 5 the reference illumination energy values by the respective correction parameter. 

In one development of the methods according to the first or second aspect 
of the invention, the discharge characteristic is acquired completely or at points. This 
ensues by measurements at the photoconductor. In addition to the temperature of the 
photoconductor, for example, a discharge potential that occurs given a predetermined 

3 0 illimiination energy is acquired. Subsequently, parameters can be determined in a 

characteristics equation that approximately reproduces the curve of the characteristic 



of the photoconductor present at the printing time. On the other hand, however, a 
number of points of the illumination characteristic can be acquired between which the 
characteristic is interpolated. In this development, a photoconductor potential that 
should arise on the photoconductor given the respective light encoding value is 
5 prescribed for each light encoding value. A corrected illumination energy is 

determined for each Hght encoding value with the assistance of the predetermined 
potential and the discharge characteristic. 

In another development, the discharge characteristic is likewise 
determined. However, photoconductor potentials are not prescribed for all light 

1 0 encoding values but, for example, for only one light encoding value. The corrected 

illumination energy or, respectively, correction factor can then be determined from the 
illumination characteristic for only this light encoding value. The other corrected 
illumination energy values or, respectively, correction factors for the other light 
encoding values are then determined by approximations that, for example, are already 

1 5 stored in tables. This method can be implemented fast and simply. 

In another development of the inventive methods, th discharge 
characteristic is taken into consideration in at least one regulating or control event. 
The respective correction parameter is determined such that a potential predetermined 
for the light encoding value or, respectively, a potential lying close to this potential 

2 0 arises on the photoconductor given an illumination according to the light encoding 
value and appertaining correction parameter. For example, a method with a PID 
regulator (proportional, integral, differentiating regulator) is employed as regulating 
method. No approximation for the characteristic need be prescribed given 
emplo3mient of a regulating or, respectively, control method. 

2 5 In a development of the method according to the second aspect, a 

development characteristic is likewise taken into consideration in the determination of 
the corrected illumination energy values or, respectively, correction parameters and/or 
further printing parameters. As a result of this measure, the conditions of the 
development process are taken into consideration in the determination of the 

3 0 correction parameters in addition to the current conditions of the illumination or, 

respectively, discharge process. 



In a development of the inventive methods, the development characteristic 
is determined upon employment of the corrected illumination energies. Toner marks, 
preferably raster toner marks, are employed for the determination of the development 
characteristic. The employment of raster toner marks, wherein a toner region has 
5 checkerboard-like or stripe-like toner-free or, respectively, toner-covered regions, 
assures that the presentation of image details is also taken into consideration. 

The balancing event is automatically implemented, preferably after a 
printer or, respectively, copier device is turned on, after longer printing pauses, after a 
longer printing operation and/or on demand of an operator. It is to be assumed that 
1 0 the printing conditions have changed precisely at these points in time. 

The invention is also directed to printer or, respectively, copier devices 
with which the inventive methods or, respectively, their developments can be 
implemented. The aforementioned technical effects thus also apply to the printer 
devices. 

1 5 Exemplary embodiments of the invention are explained below on the basis 

of the attached drawings. Shown therein are: 

Figure 1 a schematic illustration of a printing event; 

Figure 2 a potential/illumination energy diagram; 

Figure 3 a conversion and correction unit; 
2 0 Figure 4 equations for the approximation of a photoconductor characteristic; 

Figure 5 another potential/illumination energy diagram; and 

Fi gure 6 a four-quadrant diagram with characteristics of the printing event. 

Figure 1 shows a schematic illustration of a printing event as well as the 

information flow when printing in an electrophotographic printer or copier device 10. 

2 5 Print data 14 that define a print image, for example according to the knovra postscript 

format, are input in the printer device 10 via an electronic interface 12. A print data 
unit 16 contains a microprocessor MP that processes a conversion program stored in a 
memory 18. The print data unit 16 generates light encoding data 20 for the individual 
LEDs (light-emitting diode) of a character generator 22 from the print data 14. The 

3 0 light encoding datum for an LED is stored in two bits of a data word. There are thus 

four light encoding values LCW with the values 0, 1, 2 and 3. No illumination is 



carried out given the light encoding value LCW^^O. Given the light encoding value 
LCW=1, illumination is carried out such that the respective LED emits a reference 
illumination energy HB 1 under reference printing conditions in a reference printing 
event characterized by the reference printing conditions. The light encoding value 
5 LCW=2 or, respectively, LCW=3 leads to reference illumination energies HB2 or, 
respectively, HB3 in the reference printing event. 

The light encoding data 20 are processed in a conversion and correction 
unit 24 that is explained in greater detail below with reference to Figure 3. Before 
printing begins, three correction factors Kl, K2 and K3 have been determined in the 

1 0 conversion and correction unit 24. For example, the correction factors Kl, Iv2 and K3 
are automatically determined after every activation of the printer and/or after a longer 
print [sic] or, respectively, after a longer printing operation. The method steps that are 
thereby implemented are explained in greater detail below on the basis of Figure 2. A 
light encoding signal 26 is determined in the conversion and correction unit 24 

1 5 dependent on the light encoding value of the light encoding data. Given the light 
encoding value LCW=0, a light encoding signal is generated that leads to no 
illumination by the appertaining LED. Given the light encoding value LCW=1, a 
light encoding signal 26 is generated that ~ taking the correction factor Kl into 
consideration ~ effects an illumination with a corrected illumination energy HKl . 

2 0 Given the light encoding value LCW=2 or, respectively, LCW=3, a light encoding 
signal 26 is generated that - taking the correction factor K2 or, respectively, K3 into 
consideration ~ leads to an illumination with a corrected illumination energy HK2 or, 
respectively, HK3. 

The light encoding signals 26 are employed for the drive of the character 

2 5 generator 22. The character generator 22 contains a drive circuit for the LEDs of an 

LED line (not shown) wherein neighboring LEDs have a spacing of approximately 42 
fxm from one another. Macro-cells are respectively generated by three LEDs arranged 
sequentially when illuminating three successive lines. Light energy distributions 28 
emitted by the LEDs of a macro-cell partially superimpose. Given a suitable selection 

3 0 of the light encoding values, light distribution hills of different light intensity that lead 

to a distribution 32 of potential on a photo conductor 30 similar to the respective light 



distribution arise within a raster cell. What is achieved by defining a threshold of 
potential in a developing unit 34 is that toner regions 36 with different diameters 
determined by the respective potential distribution form in the macro-cells. A half- 
tone image is thus generated in a simple way by employing the light encoding values. 
5 This methods are set forth in detail in US Letters Patent 5,767,888, which is a 
constituent part of the disclosure of the present application. 

Figure 2 shows a potential/illumination energy diagram on whose abscissa 
axis 50 the illumination energy is eroded [sic] in j^Ws/cm^ and on whose ordinate axis 
52 the photoconductor potential is eroded [sic] in volts. Before the beginning of the 

1 0 illumination, the photoconductor is respectively charged to a charge potential VC of 
500 V. A reference characteristic KLB shows the relationship of potential on the 
photoconductor and illumination energy for a reference photoconductor that is 
employed in the reference printing event. A characteristic KLl of a photoconductor 
employed for printing at the moment deviates from the reference characteristic KLB. 

15 The deviations of the characteristics KIB and KLl are to be attributed, for example, 
to the temperature or to the age of the photoconductor. Deviations of the 
characteristics KLB and KLl, however, also arise given a change of the 
photoconductor or, respectively, when comparing the photoconductors of two 
different printer devices 10. In this case, manufacture-conditioned fluctuations as 

2 0 well as the quality of the photoconductors have an additional influence on the 
deviation of the characteristics KLB and KLl . 

A further characteristic KL2 shows the dependency of the potential on a 
third photoconductor on the illumination energy. Qualitatively, the characteristics 
KLB, KLl and KL2 have a similar curve, so that only the curve of the characteristic 

2 5 KLB shall be explained below. With increasing illumination energy, the values of 

potential on the photoconductor drop according to a descending exponential function 
until a lowest obtainable discharge potential VLIM is finally reached, illustrated with 
a broken line 54. 

The printing event leads to print images with high print quality when the 

3 0 potentials that are generated upon occurrence of the various light encoding values 

LCW = 0, 1, 2 or, respectively, 3 have an approximately uniform spacing from one 
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another and are distributed over the entire discharge region that is available. 
However, only potentials in the upper region of the discharge curve are taken into 
consideration in the following explanation in order to simplify the explanations. For 
example, the potential VI should be generated given the light encoding value 
5 LCW=1 . A potential V2 or, respectively, V3 should be generated given the hght 
encoding value 2 or, respectively, 3. The potentials VI through V3 and the reference 
characteristic KLB define the reference illumination energies HBl through HB3. 

The determination of the correction factors Kl through K3 ensues in the 
same way and is explained below on the basis of a correction factor K7. A potential 

1 0 V7 should be generated on the photoconductor given a light encoding value LCW=7. 
Given employment of a photoconductor with the reference characteristic KLB, this 
requires a reference illumination HB7. Given employment of a photoconductor with 
the characteristic KLl, a corrected illumination energy HK7 can be determined for the 
potential V7 from the characteristic KLl. When the reference illumination energy 

1 5 HB7 is divided by the corrected illumination energy HK7, then a correction factor K7 
having a value of approximately 0.6 derives. 

In the conversion and correction unit 24, the correction factor K7 leads 
thereto that a light encoding signal for the corrected illumination energy HK7 is 
generated instead of a light encoding signal for the reference illumination energy 

2 0 HB7. Even given a photoconductor having a modified characteristic KLl compared 
to the characteristic KLB, the potential V7 is thus generated given the light encoding 
value 7. The illumination process and, thus, the entire printing process as well are not 
influenced by the variation of the characteristic of the photoconductor. 

Correction factors Kl' through K9' derive for the characteristic KL2 in a 

2 5 similar way. The correction factors Kl ' through K9', however, have values greater 

than 1 . 

Figure 3 shows the conversion and correction unit 24, which contains a 
memory 56. A microprocessor (not shown) reads light level values from an 
appertaining memory cell dependent on the hght encoding value to be respectively 

3 0 processed. In the exemplary embodiment being explained, there are 32 light levels 0 

through 32 [sic] with which the character generator 22 can be driven for the four light 



encoding values 0 through 3. Without correction factors Kl through K3, the Hght 
level value 0 belongs to the light encoding value 0, the light level value 10 belongs to 
the light encoding value 1, the light level value 20 belongs to the light encoding value 
2, and a light level value 30 belongs to the light encoding value 3. A light level value 
5 12 that is stored in the memory 56 derives after multiplication of the correction factor 
Kl by the light level value 10 originally belonging to the light encoding value 1. By 
multiplication with the correction factor K2, the light level value 20 becomes the light 
level value 21. The light encoding value 3 becomes the light level value 31 by 
multiplication with the correction factor K3. When printing, the conversion and 

1 0 correction unit 24 then allocates the light level values 0, 12, 21 or, respectively, 31 to 
the light encoding values 0, 1, 2 or, respectively, 3. Modified light encoding signals 
26 that lead to the emission of modified illumination energies thereby derive in the 
character generator 22. 

Figure 4 shows equations (1), (2) and (3) that are employed in the 

1 5 determination of the corrected illumination energies HKl, HK2 and HK3. The 

equations (1), (2) and (3) are explained below, likewise with reference to Figure 2. 
Equation (1) reads: 

VD(K,T,H) = (VC-VLIM) • exp(-K T H)+VLIM, (1) 



whereby 




20 VC 


is the charge potential of the photoconductor in volts. 


VD 


is the discharge potential of the photoconductor in volts, 


VLIM 


is the lowest obtainable discharge potential in volts. 


H 


is the illumination energy in |LiWs/cm^, 


T 


is the currently acquired temperature of the photoconductor in °C, 


25 K 


is the photoconductor class in cm^ / (/xWs°C), and 


exp 


is the exponential function. 




Equation (1) is an approximation for the respective characteristic of the 



photoconductor. The characteristics KLB, KLl and KL2 in Figure 2 differ from one 
another on the basis of the photoconductor class K. Equation (2) arises by 



3 0 reformulating Equation (1) according to the photoconductor class K: 
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1 fVC-VLIM^ 

whereby 

to is the logarithm fanction. 

When a standard illumination energy HS is prescribed for the illumination 
5 energy H and, following illumination of the photoconductor with this illumination 
energy HS, the arising discharge potential VD as well as the temperatvtre T of the 
photoconductor are acquired, then all quantities on the right side of Equation (2) are 
known and the photoconductor class K can be calculated. Alternatively, tables can be 
employed wherein photoconductor classes K calculated once for specific values of 
10 VD, T and H are stored. 

When Equation (1) is reformulated according to the illumination energy 
H, then Equation (3) derives: 

1 fVC-VLIM^ 

After the photoconductor class K has been determined, the corrected 
1 5 illumination energies HKl, HK2 and HK3 can be determined from Equation (3) in 

that the potentials VI, V2 and V3 are successively inserted for the discharge potential 
VD. Subsequently, the correction factors Kl through K3 are determined by division. 
Prepared tables can thereby also be employed in order to implement the determination 
of the corrected illumination energies HKl, HK2 and HK3 fast. 
2 0 Figure 5 shows a further potential/illumination energy diagram on whose 

abscissa axis 60 the illumination energy is eroded [sic] in fiWs/cm^ and on whose 
ordinate axis 62 the photoconductor potential is eroded [sic] in volts. The reference 
characteristic KLB is modified to a reference characteristic KLB' by the prescription 
of an operator. For example, let the operator modify or, respectively, correct the 
2 5 standard inkings of the macro-cells that derive given employment of the reference 
characteristic KLB. The width of fine written characters, lines and dots is to ensue 
deviating from the width in a standard inking. According to the prescription of the 
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operator, the charge potential VC of 500 volts is boosted to a charge potential VCl of 
600 V. Instead of the potentials VI, V2 and V3, potentials Vl', V2' and V3' are 
prescribed. The determination of the current characteristic KLl' of the 
photoconductor ensues as described above with reference to Figure 2. Subsequently, 
the corrected illumination energies HKl', HK2' and HK3' are determined, likewise 
according to the above-explained method. The potentials VI', V2' and V3' are shifted 
toward higher potentials compared to the potentials VI, V2 and V3. Given a 
development of the discharged photoconductor areas (DAD - discharge area 
development), this means that the planes of section of the potential troughs are 
constricted with the development threshold. Finer print elements or, respectively, 
toner areas 36 arise. Given raster areas, this means that the raster tonal value 
decreases and, thus, the raster areas become hghter. When, in contrast thereto, the 
charged photoconductor areas are developed (CAD -- charged area development), 
then broader print elements arise. The respectively opposite effects arise given a 
reduction of the charge potential VC. 

In another exemplary embodiment, the inking properties are regulated via 
the development threshold in addition to the charge potential VC, in that an auxiliary 
vohage VBias of the developer station is set to various values. An increase of the 
auxihary voltage VBias of the developer station yields broader print elements given 
DAD and finer print elements given CAD. When the auxiliary voltage VBias is 
lowered, respectively opposite effects arise. The variation of the auxiliary voltage 
VBias effects a variation of the development characteristics that indicates [sic] the 
relationship of photoconductor potential and toner deposit. 

As in the exemplary embodiments explained above on the basis of Figures 
1 through 5, only the upper section of the photoconductor characteristic is employed 
in fast printing processes because the illumination energies to be generated by the 
character generator are lower in this section and can be beamed out in shorter times. 
The photoconductor can therefore be moved past the LEDs of the character generator 
faster. The auxiliary potential VBias in the developer station must then lie clearly 
above the lowest photoconductor potential VLIM. 
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Figure 6 shows a four-quadrant diagram with characteristics 100, 102, 
102a, 104, 106 and 106a of the printing event. The upper left quadrant I shows a 
development characteristic 100 that indicates the relationship of the potential on the 
photoconductor and the toner deposit after the developing. The potential U of the 
5 photoconductor is therefore eroded [sic] on the abscissa axis 110 of quadrant I. The 
optical density D is eroded [sic] on the ordinate axis 1 12 of the quadrant I, this being a 
measure of the toner deposit. Given increase or, respectively, decrease of the toner 
concentration in a two-component toner, the discharge characteristic 100 shifts in the 
direction of a double arrow 101 toward the left or, respectively, toward the right. A 

1 0 constant toner concentration shall be assumed below, the development characteristic 
100 belonging thereto. 

The lower left quadrant IV shows a solid-line discharge characteristic 102 
that indicates the relationship of illumination energy H and potential H on the 
photoconductor. The illumination energy is eroded [sic] on the ordinate axis 1 16 of 

15 the quadrant IV. The potential U is indicated on the abscissa axis 110 of the quadrant 
IV. The discharge characteristic 102 belongs to a photoconductor with the 
temperature 20 °C. The curve of the discharge characteristic 102 essentially 
corresponds to the curve of the characteristic KLB explained on the basis of Figure 2. 
A discharge characteristic 102a shown with broken lines belongs to the 

2 0 photoconductor given a temperature of 40°C. The discharge characteristic 102a is 
likewise shown in quadrant IV. 

A print characteristic 104 that indicates a predetermined relationship of 
light encoding values LCW and optical density D or, respectively, toner deposit on 
the photoconductor is shown in the upper right quadrant II. The optical density D is 

2 5 indicated on the ordinate axis 1 12 of the quadrant II. The light encoding values LCW 

are eroded [sic] on an abscissa axis 1 14 of the quadrant II. The relationship 
prescribed by the print characteristic 104 is preferably Unear, so that the optical 
density D likewise increases when the light encoding value LCW increases. 
However, the print characteristic 104 can also have a different predetermined curve in 

3 0 order to create additional degrees of freedom for the printing process. 
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Proceeding from the print characteristic 1 04, the corrected illumination 
energies HK can be determined with the assistance of the relationships indicated in 
the four-quadrant diagram. The determination of the corrected illumination energies 
HK shall be explained below with the assistance of a graphic construct. This 
5 construct, however, is automatically implemented in the printer device by a 
microprocessor that processes the commands of a program that are stored in a 
memory of the printer device and with which the corrected illumination energies HK 
can be calculated. 

For example, the corrected illumination energy value HK9 for the light 
1 0 encoding value LCW=9 is determined proceeding from the value defined by the print 

characteristic 104 for the optical density D given the light encoding value LCW=9. 

With the assistance of the development characteristic 100 illustrated in quadrant I, a 

voltage U is determined from this value of the optical density D, see arrows 120 and 

122. With the assistance of the value of potential U determined from the development 
1 5 characteristic 100, an illumination energy HK that is employed as corrected 

illumination energy HK9 for the light encoding value LCW=9 is read off from the 

discharge characteristic 102, see arrow 124. 

The illumination energies H belonging to the light encoding values LCW 

are shown in quadrant III. Thus, the corrected illumination energy HK9 of 
2 0 approximately 0.6 /^Ws/cm^ belongs to the light encoding value LCW=9. A point PI 

thus derives for the light encoding value LCW=9 given the illumination energy 

HK9=0.6 MWs/cm'. 

When the corrected illumination energies HK for the other light encoding 

values LCW are determined in the same way with the assistance of the four-quadrant 

2 5 diagram, then an encoding characteristic 106 derives in quadrant III that indicates the 

relationship of light encoding values LCW and corrected illumination energies HK. 
The point PI hes on the encoding characteristic 106. 

When a photoconductor with the discharge characteristic 102a is 
employed in the printing event, the predetermined curve of the print characteristic 104 

3 0 can nonetheless be achieved when the corrected illumination energies are re- 

determined. This is again explained with reference to the example of the light 
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encoding value LCW=9. Proceeding from the print characteristic 104, the value of 
the optical density D belonging to the light encoding value LCW=9 is determined. 
This value lies at approximately 1.8, see arrow 120. Subsequently, the appertaining 
potential U is read from the development characteristic 100 for this value of the 
5 optical density D=1.8, see arrow 122. This potential amounts to about 65 V, see 
arrow 122. Subsequently, the illumination energy H is read from the characteristic 
102a for the potential U=65 V determined in this way. A corrected illumination 
energy HK9 of about 0.3 //Ws/cm^ derives. When the corrected illumination energy 
HK9 determined in this way is entered in the quadrant III at a point P2, then one has 

1 0 the first point of the characteristic 106a, which indicates the relationship between light 
encoding values LCW and corrected illumination energies HK for the photo conductor 
with the characteristic 102a. In a similar way, the corrected illumination energies HK 
are determined for the other light encoding values LCW. The relationship between 
light encoding values LCW and corrected illumination energies HK illustrated with 

15 the encoding characteristic 106a derives. 

In another exemplary embodiment, the development characteristic 100 is 
modified for achieving the print characteristic 104 in that the toner concentration is 
raised or, respectively, lowered. New degrees of freedom derive as a result thereof, 
these being particularly employed when the free selection of the corrected 

2 0 illumination energy values HK is limited. 

In addition to the print characteristic 1 04 shown in Figure 6, there is also a 
printing process characteristic (not shown) that indicates the relationship between 
illumination energy H and optical density D. Whereas the printing process 
characteristic is already fixed when the development characteristic 100 and the 

2 5 discharge characteristic 102 are defined, the print characteristic 104 can still be varied. 
For example, a curve is prescribed for the print characteristic 104 as explained above. 
The print characteristic 1 04 is thus designationally modified. 
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Patent Claims 

1 . Method for the operation of an electrophotographic printer or copier 

device (10), 

whereby an optical character generator (22) illuminates a photoconductor (30) with at 
least one Ught source (LED, laser), 

light encoding data (20) are generated fi-om print data (14) of a print image, 
the light encoding data (20) respectively contain one of at least three different Ught 
encoding values (0 through 3) that are allocated to different reference illumination 
energy values (HBl through HB3), 

the reference illumination energy values (HBl through HB3) are employed for 
printing when the photoconductor (30) has a predetermined reference discharge 
characteristic indicating the relationship of illumination energy (H) and potential on 
the photoconductor (30), 

a discharge characteristic (KLl) indicating the relationship of illumination energy (H) 
and potential (V) on the photoconductor (30) is taken into consideration in a 
balancing event in the definition of corrected illumination energies (HKl through 
HK7), 

in a balancing event, the corrected illumination energy (HKl through HK7) to be 
emitted by the character generator (22) is respectively determined for each hght 
encoding value (0 through 3) dependent on a deviation of the discharge characteristic 
(KLl) from the reference discharge characteristic given a potential (VI) that belongs 
to the reference illumination energy (HBl) employed according to the reference 
discharge characteristic (KLB) given the respective light encoding value (1), whereby 
the value of the respective, corrected illumination energy (HKl) deviates all the more 
from the value of the reference illumination energy (HBl) belonging to the same light 
encoding value (1) the greater the deviation of the characteristics (KLB, KLl) from 
one another is given the potential (VI) belonging to the respective light encoding 
value (0 through 3) according to the reference discharge characteristic (KLB). 

2. method according to one of the preceding claims [sic], characterized in 
that respectively one correction parameter (Kl through K3) is determined for each 
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light encoding value, the corrected illumination energy values (HKl through HK7) for 
the appertaining light encoding values (0 through 3) being calculated therewith. 

3. Method according to one of the preceding claims, characterized in that 
the discharge characteristic (KXl) is acquired completely or in points, 
5 a photoconductor potential (VI through V3) us prescribed for each light encoding 
value (0 through 3), 

and in that the corrected illumination energy (HKl through HK7) is respectively 
determined from the discharge characteristic (KLl) for a light encoding value (1) for 
the predetermined potential (VI). 
10 4. Method according to claim 1 or 2, characterized in that the discharge 

characteristic (KLl) is determined completely or in points, 

a photoconductor potential (V2) is prescribed for at least one light encoding value (2), 
a corrected illumination energy (HK2) is determined from the discharge characteristic 
CEvLl) for the predetermined potential (V2), 
1 5 and in that the corrected illumination energies for the other light encoding values (1 , 
3) are determined by estimates. 

5. Method according to claim 3 or 4, characterized in that a mathematical 
model is employed for the discharge characteristic of the photoconductor (30). 

6. Method according to claim 5, characterized in that the following model 
2 0 is employed: 

VD(K,T,H) = (VC-VLIM) • exp(-K T H)+VLIM, (1) 



whereby 




VC 


is the charge potential of the photoconductor in volts. 


VD 


is the discharge potential of the photoconductor in volts. 


VLIM 


is the lowest obtainable discharge potential in volts. 


H 


is the illumination energy in |aWs/cm^, 


T 


is the currently acquired temperature of the photoconductor in °C, 


K 


is the photoconductor class in cm^ / (juWs°C), and 


exp 


is the exponential function. 
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7. Method according to claim 1, characterized in that the discharge 
characteristic (KLl) is taken into consideration in at least one regulating or control 
event wherein the corrected illumination energy (HKl through HGK7) for a light 
encoding value (1) is determined such that a potential (VI) predetermined for the light 

5 encoding value or, respectively, a potential lying close to this potential (VI) arises on 
the photoconductor given an illumination according to the light encoding value (1) 
and appertaining, corrected illumination energy (HKl). 

8. Method according to one of the claims 1 through 7, characterized in that 
a development characteristic indicating the current relationship of potential on the 

1 0 photoconductor and toner deposit is taken into consideration in the determination of 
the corrected illumination energies (HKl through HK7) and/or of further printing 
parameters (VBias, VC). 

9. Method according to one of the preceding claims, characterized in that 
at least one toner mark is applied onto the photoconductor (30) and/or onto a carrier 

1 5 material upon employment of the corrected illumination energies (HKl through 
HK3); 

in that the toner deposit in the region of the toner mark is acquired, preferably with an 
optical or capacitative measuring sensor; 

and in that at least one further printing parameter (VBias, VC) that influences the 
2 0 development process and/or the illumination process is prescribed dependent on the 
toner deposit. 

10. Method according to claim 8 or 9, characterized in that a plurality of 
toner marks with different rastering are applied; 

and in that the toner deposits in the region of the toner marks are acquired. 

2 5 11. Method according to claim 8, 9 or 10, characterized in that the sensor 

acquires the toner deposit in the region of the toner mark in integrating fashion. 

12. Method according to one of the preceding claims, characterized in that 
only a section of the illumination characteristic (KLl) and/or of the development 
characteristic is taken into consideration. 

3 0 13. Method according to one of the preceding claims, characterized in that 

the balancing event is automatically implemented, preferably after a printer or. 



respectively, copier device is turned on and/or after longer printing pauses and/or after 
longer printer operation and/or on demand of an operator. 

14. Method according to one of the preceding claims, characterized in that 
a potential value (VI through V7) that should occur on the photoconductor given 
illumination according to the respective light encoding value (0 through 3) is 
prescribed for each light encoding value (0 through 3); 

and in that the illumination energy value determined by the discharge characteristic 
(KLl) given the potential predetermined for the light encoding value (0 through 3) is 
employed as corrected illumination energy (HKl through HK7) for a tight encoding 
value (0 through 3). 

15. Method according to one of the preceding claims, characterized in that 
the reference illumination energy value (HBl through HB3) prescribed for the 
appertaining light encoding value (0 through 3) is involved for the determination of a 
corrected illumination value (HKl through HK7). 

16. Electrophotographic printer or, respectively, copier device (10), 

with an optical character generator (22) that illuminates a photoconductor (30) with at 
least one light source (LED), 

a print data unit (16) that generates light encoding data (20) with at least three 
different light encoding values (0 through 3) from the print data (14) of a print image, 
whereby the light encoding values are allocated to different reference illumination 
energies (HBl through HB3), 

and whereby the reference illumination energy values (HBl through HB3) are 
employed for printing when the photoconductor (30) has a prescribed reference 
discharge characteristic indicating the relationship of illumination energy (H) and 
potential on the photoconductor (30), 

and with a drive unit (22) for driving the light source (LED) dependent on the light 
encoding data (20), 

characterized by a correction unit (24) in which a discharge characteristic (KLl) 
indicating the relationship between illumination energy (H) and potential (V) on the 
photoconductor (30) is taken into consideration in the determination of corrected 
illumination energies (HKl through HK7); 
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and in that the correction unit determines the corrected illumination energy (HKl 
through H3 [sic]) such for each light encoding value (0 through 3) that the value of 
the respective, corrected illumination energy (HKl) deviates all the more from the 
value of the reference illumination energy (HBl) belonging to the same light 
5 encoding value (1) the greater the deviation of the characteristic (KLl) from the 

reference discharge characteristic (KLB) is given a potential (VI) that belongs to the 
reference illumination energy (HBl) employed for the respective light encoding value 
(1) according to the reference discharge characteristic (KLB), 
and in that the drive unit (22) also drives the light source (LED) dependent on the 
10 corrected illumination energies (HKl through HK7). 
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A!s nachBtehend bensnntor Erfbider erklire ich hfarmit 

an Eldes Stati: 

dass mein Wohnsltz, meine Post^nschiift, und meine 
Staatsane«Harigkelt den Im Nachstehond^n nsoh 
meinem Namort aufQSfOhrtvn Angaben entaprBchen. 

dafiB Ich, nach bwttem WIsaen dmr urspKlnglleho, arete 
und allelnlge Erflnd^ (falls nachstehend nur 9in Nam« 
angegoban (at) Qder ein ursprOngllcher, erater und 
Miterfindw (ftalf* nachstehend mehrere Nam«n 
aurgeWhrr 3ind) das Oeeensttndes bin, fOr des dieser 
Antrqg gestellt wtrd und fQr den eIn Patent boantragt 
wins fur dl« Erflndung mft dem Tiiel: 

MIT MINPS^T^NS .PRSi HEUlS^EITSSItiFgN 
fRB^iTENPg P,RUS|CVQRraCHTWNa SQWI^ 

DAMIJ AUSZUFUHftgNDE VERFAHREN Z\JM 

f d«ren Besohwlbunci 



^ (zutreffendes anKrauzen) 
! m n(ar belgefagt lat. 
^ ■ am Dacft^beria99 



I PCT intomaWonate Anmeldung 

PCT Anmeldunasnummer PCT/^P99/1fl247 _ 
- aingaralcht wurde und am 
f abt)sSm6mri wurde (MIe tertBaahlleh ebgaandfirt) 



y Ich best3«ee hier/nit, dae^ Ich den Inhalt der obigen 
=1 PatentanmaMung alnschnesslfeh 6mr AneprOshe 
=: d(jn±gea«hen und verstanden hebs, die eventudl 
=<;^durch einan Zuaalzantrag wia oben srwahnt 
A ebgaandart wurde. 

Fch arkanne mefne Pfllcht zur Offenbarung 
irgendvwelcher infdmiatlonan. dlo fQr die Prtifung dw 
voriiegenden Anmeldung In EinKtang mil Absatz 37. 
eundeagewsObMch, Paragraph 1. 58(a) von WichHgkelt 
eind, an. 

fch beanspruehe Nennlt ausldndlsbhe PrIoritStsvortaiEe 
gemiss AbscTinitt 35 der Zivllpro^sordnung der 
Verefnigten Staaten, Paraorsph lis aliar union 
anBegebenen Auslandaanmeldungen fOr ein Patent 
Oder eine Erflndersurlcunda, und habe auch alia 
Auslandsanmeldungen Idr ein patent oder aine 
Emndersurkunae nachstehend gekannzeichnet, die ein 
Anmeldedatum haban, daa vor dam Anm^ddedatum 
der Anmeldung jfagt, far die Prioritfll beanapoieht wlni. 



As a below narnad Inventor, I heraby declare Ihat: 



My residence, post office addre$9 and dtizen&hip are 
as stated below ne)tt to rny name. 



[ brieve I am the orrginal, flrat and sola Inventor (If only 
one name ts Bstad below) or an original, first and joint 
Inventor (if plural names ana listed below) of the 
subject matter which is claimed and for wtilcn a patent 
Is sought on the [nventron eniifled 



the apeciflcaaiJon of wnlch 
(check one) 

□ Is attached hereto 

□ wee filed on _ 



PCT intamBtionel application 
PCT Application No. _ 



and was amended on _ 



(if applicable) 

i hereby stata that ! have reviewed and understand the 
contents of the above loeniified epeciffpatlon, Including 
the claims as emended by any amendment reiarred to 
above. 



I acknowledge the duty to diadose Information which 
IB rriateilal to the nxamlnatian of this appHoation In 
accordance with Title 37. Coda of Federal Regulatlone, 
§1.5B(a). 



I hereby claim foreign priority benefits under TWe 35, 
United States Code, §1 of any forefsn appllcatfon(«] 
far pBtant or inventor's certmcste listed betow and have 
also Identffied below any foreign application for patant 
or Inventor's certWeate having a filing data before that 

of tha npplieetlon on whicsh priority ift dalmed: 
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Prior foreign applications 
Priont§tb«an«prucht 

(Number) (Country) (Day Month Y6«r Fned) 
(Niimmwr) (Land) (TtiB Monauahr einQPrelcht) 



(NLimber) 
(Nummw) 



(Country) 
(Und) 



(Day Month Yeaf Filed) 
(Tag Monst Jahr elngereicht) 



Yes 
Jb 



□ 
Yea 

Ja 



n 

No 



Ich bean^pruche hiernrilt germfiss Absatz 35 d«r 
Zivilprozessordnung der Veretnfatan Sraaten, 
paragraph 120, den Vorzug aller unten aufgefilhrtan 
Anmeldungen und talis der Qegensnnd aus jedam 
Ansprudh dieter Anmeldung nicht In alner fruheran 
3 am^rlKeni^cheu Pai^ntanmeidung faul dem erstan 
1 Paragraphen des Absalzes 35 der ZMtprmeBorfkiung 
I der Veralnlgtan Stiaten, Paragraph 122 effenbart 1st, 

f erkenne foh gamasa Absats 37, QundesgaseCZDUCtl, 
' Paragreph 1 .S8(a) mefne PWIoht arr Offianbarung von 
3 Informatlonen an, die zwisehen dem Anmeidedatum 
3 dar frOheren AnmaWuno und dem natlsnalen oder POT 
°j intsmatlonalen Anmaidadatum dieser Anmeldung 
'% bekannt eeworden aind. 



I heraby claim the bensm under Title 35, United Statea 
Code. §120 of any United States appueaflon(8) listed 
balow and, insorar as the subject rnatier of each of the 
claims of fhts application Is net disclosed In the prior 

United States appllratlon in the manner provided by 
tha firat paragraph of Title 36, United States Code, 
§122 I acknowledge the duty to disdosa material 
information ae defined in Title 37. Code of Federal 
RegulaHons, §1 .56(b) which occurnad betvween the 
filing date of the prior application and the national or 
PCT International filing date of thb appUcatlon- 



^ ' (Application Serial No.) 
if (AnmeldesarlennumrnBr} 



(Filing Data) 
(Anmeldedalum) 



(Status) 

(patentlert, anhSngig, 
sufiBegeban) 



(Stotua) 

(patented, pendmg. 



(Applloation Serial No.) 
(Anmaldeserlannummer) 



(Filing Dato) 
(Anmeldedatum) 



(Status) 

(patentlert, annsngig, 
aufgageben) 



(Status) 

(patented, pending, 
abandoned) 



ich Brtciflra hiermll, da«s alia von mtr in der 
vortiegendan EklSrung eemaohtan Angaben nadi 
meinem bsaten Wlsaan und Qewlssen der vollen 
Wahrheit antsprechen, und dass Ich dieae 
eldeBBiattlleha ErKiarung In Kanntnls dessen abgebe, 
dass wiasantiich und vorBaizileh fateche Ang8t)en 
gemSas Psragreph 1001. Absatz 18 4ar 
ZlvilprozBssonJnung der Veralnlgtan dtaaten von 
Amarlka mft oaldatrafe baiegt und/oder Ga^ngnla 
bestrafl werdan koennan. und dsss dorartlg 
wissentlion und varsAbcllch faiache Angaben die 
GUltlgkeit der voriieganden Patentannnetdung Oder 
eines dareuf ertellien Patentee gaf^rden kflnnen. 



I hereby dedara that all statements made herein of my 
own knowladge are true and that all statementa made 
on infonrnaflon and belief arm believed to be tnjc, mnd 
tiirthar that these statements wore made with the 
kmnwledge that willful false statements and the like so 
made are punishable by fine or impriBonmenl, or both, 
under Seotion iaQ1 of Title 18 of the United States 
Coda and that such willful false statements may 
jeopardlZB the validity of the application or any patent 
Issued thereon. 



PsgeZofS 
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VERTRETUN08V0LLMACHT; Als benannter Erfinder 
besUftrage (eh Hisrmlt den naehstehend benanrtian 
PatentanwaH (odor dia nochatehontf Denaonten 
Patentanw«lte) und/oder Paten t-Afienten mK der 
Verfolgung der vorllegenden Patentanmeldung sowie 
mlt der Abwiddung eller dumit verbundortan Oesch^ilto 
vor dam Paient- und Warenzelahenamt: (Name und 
Reghitrationanummar anfQhren) 

And I hereby sppoirtt all Attorneys fdentifled by United States Patent and Trademark Office oustomer number 
2S574Vho are air members of the firm of Sehiff Hardin and Walte, 



POWER OF ATTORNEY; As a nimed inventor, i 
hereby appoint the fbllowing atiorney(a} and/or 
agent(e) to prosecute this applieiition and transact all 
bualness In the Patent and Tradomarfc Olfloe 
connected therw^ith. (list name end registration 
number) 



TeWongesprftche hm richten an; 
(Nam» und Telefonnummer) 



Direct Telephone Calls to: (name and telophona number) 
312/25a-67S5 



"if Postanschrlft: Sand ConneBpondanoe to: 

8CHIFF HARDIH A WATTE 
ffi Patent Dapartinant 

m 6800 SaarB Tower, Chleige. (iirnela 60806 

CUSTOMER NUMBER 2e8r4 



voHef Harm 4u olnKlaBn odar unprflngllciKn Biflndeis; - 

VoNchandMAESS | -DO 


FiJI name of ule er flnl itiwuion 




Imnntor^ sranatura aale 


Erding. Germany iyc-f^ 




RtaetsangehOftgMlt 

German 


ekiBErahlp 


Pa*(a»wi*rfft 

Mav-Plar>ck-Stra6ae 83 


Peat Office Adanus 


D~85435 Erding. GERMANY 





(Bftte entsppeehenda fnformationen und Unterschriften (Supply similar information end aianeture for 
im Fan* von wsiterAn MMorfindern engeQen). subeequent Joint inventors). 
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